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Abstract


Organic transformations using modified layered 
double  hydroxides

The thesis mainly deals with the synthesis and applications of solid bases obtained by anion-exchange of layered double hydroxides. The Chapter 1 highlights the importance of heterogeneous catalysis and discuss various options for the synthesis of heterogeneous catalysts. An overview of solid bases is also configured. The need and development of "cleaner" and "greener" alternative technologies using especially solid bases for the preparation of fine chemicals and pharmaceuticals is also stressed in this chapter. Chapter 2 mainly deals with the asymmetric oxidation of sulfides using osmate exchanged layered double hydroxides and mechanistic studies of direct oxidation of sulfides to sulfones using osmate-molecular oxygen system. Chapter 3 presents the efficacy of HT-OtBu catalyst for the C-C bond forming reactions like Claisen-Schmidt condensation and Michael addition reactions. Chapter 4 deals the synthesis of Cu-Al and Ni-Al layered double hydroxides and application of these materials as catalysts for the arylation of imides and Henry reactions respectively. Chapter 5 details the synthesis and characterization of LDH-AuCl4 catalyst, which is used for the synthesis of propargylamines by the three component coupling reaction of aldehyde, amine and terminal alkyne. 

CHAPTER 1.  INTRODUCTION                                                                                                
This chapter describes the various catalyst/process options available for an industrial chemist to effect different organic transformations. It includes a brief introduction of homogeneous, heterogeneous, heterogenized homogeneous catalytic systems and basic concept commonly encountered in catalysis such as selectivity, turnover number, atom economy etc. The importance of selective organic transformations and the need for the design and development of environmentally cleaner catalytic methodologies is also highlighted. 
This chapter also describes the importance of clays as catalysts for organic synthesis. The clays are divided into two types anionic clays and cationic clays.
All clays found in nature are cationic and the cationic clays have negatively charged sheets of metal and non-metal hydroxides, e.g., SiO2 and Al(OH)3  which have cations in between the sheets to balance the charges of the silicate sheets, e.g., montmorillonite. The anionic clays are rare in nature and relatively inexpensive to prepare in the laboratory. The anionic clays comprise of positively charged metal hydroxide sheets with anions and water molecules located interstitially. The structure of hydrotalcites is similar to the magnesium hydroxide structure (brucite) (Fig.1a).


 
          Fig.1a  Brucite-Mg(OH)2                                                

If a Mg2+ cation is removed and isomorphously replaced with an Al3+ cation, the Mg2+-Al3+-OH sheet gains an unit positive charge for each Mg2+ replaced by Al3+.  Al3+ fits well in the octahedral holes previously occupied by Mg2+.
In order to render this system electrically neutral, an appropriate number and kind of anions are located between each positive sheet. This now generates a LDH (Hydrotalcite) structure (Fig.1b). 






                                         Fig 1b  Hydrotalcite- Mg6Al2(OH)16.(CO3)-2 .4H2O

The general formula of HTLCs can be represented as 

[M(II)1-xM(III)x(OH)2]x+(An-x/n).zH2O

where, M(II) is a divalent metal, M(III) is a trivalent metal
x is a factor, 0.2  x  0.33 and z stands for the amount of H2O.

CHAPTER II.  OXIDATION OF SULFIDES WITH LDH-OsO4 CATALYST 
This chapter divided into two sections.
Section A: deals with the asymmetric oxidation of sulfides by osmate exchanged layered double hydroxides.
Section B: deals with the mechanistic studies of direct oxidation of sulfides to sulfones by an osmate molecular oxygen system.

SECTION A :  ASYMMETRIC OXIDATION OF SULFIDES BY OSMATE EXCHANGED LAYERED DOUBLE HYDROXIDES
Optically active sulfoxides serve as useful chiral auxiliaries in various asymmetric transformations and also emerged as versatile building blocks in the synthesis of pharmaceutical products like omeprazole, which is used as an antiulcer drug. The chiral sulfoxide group is one of the most efficient and versatile chiral controllers in C-C and C-X bond formations like asymmetric cycloaddition reactions and asymmetric Diels-Alder reactions. 
The first examples of asymmetric oxidation of sulfides to sulfoxides were independently reported by Kagan and Modena. Some of the methods available for the asymmetric oxidation of sulfides are the use of diethyltartrate, (Ti(Oi-Pr)4) and hydroperoxides as oxidant yields optically active sulfoxides. Titanium complexes based on R-(+)-binaphthol gave optically active sulfoxides with high enantiomeric excesses using tert-butyl hydroperoxide (tBuOOH) as stoichiometric oxidant. Fujita employed chiral titanium Schiff base complexes in the asymmetric sulfide oxidation.
Here we present the asymmetric oxidation of sulfides to sulfoxides with osmate-exchanged layered double hydroxide catalyst using NMO (N-methyl morpholine N-oxide) as co-oxidant and (DHQD)2PHAL (hydroquinidine 1,4-phthalazinediyl diether) as a chiral ligand,  with good yields and  moderate ees (Scheme 1). 

The advantages of the above stated reaction are:
	The osmium catalyst is easy to handle in heterogeneous medium.
	Reusable for several cycles with consistent activity albeit decrease in ee.
	Easy separation of the catalyst by simple filtration.

SECTION B :  MECHANISTIC STUDIES OF DIRECT OXIDATION OF SULFIDES TO SULFONES BY AN OSMATE MOLECULAR OXYGEN SYSTEM
Osmate exchanged Mg-Al layered double hydroxides catalyzed the delivery of two oxygen atoms simultaneously via a 3+1 cycloaddition to sulfides to form sulfones directly for the first time, reminiscent of 3+2 cycloaddition in asymmetric dihydroxylation reactions.
The oxidation of sulfides to sulfones has been the subject of extensive studies, since sulfones are useful synthons for the construction of various chemically and biologically significant molecules.
We reported the effective oxidation of sulfides directly to sulfones without sulfoxide contamination in excellent yields at a faster rate for the first time using molecular oxygen as the stoichiometric oxidant and osmate exchanged layered double hydroxides (LDH-OsO4) as a recyclable catalyst.  The examination of transient surface intermediate species (Fig.2), prepared on interaction of LDH-OsO4 with the sulfide, by using XPS,TGA-DTA-MS and kinetic studies, provides evidence for the simultaneous delivery of two oxygen atoms via 3+1 cycloaddition.




Fig. 2
The XPS of the transient surface intermediate LDH-OsO4® obtained by the interaction of LDH-OsO4 with thioanisole in presence of molecular oxygen in anhydrous conditions shows Os 4f 7/2 lines at 53.378 and 54.386, Os 4f 5/2 at 55.988 and 56.886 eV, respectively. This suggests the possible presence of surface Os-sulfone complex along with the unreacted LDH-OsO4  (Scheme 2, intermediate 3) in   +VI oxidation state. The XPS of the LDH-OsO4® of S 2p3/2 and 2p1/2 shows two lines at 167.8 and 168.9 eV, respectively, characteristic for the formation of sulfone. The reported binding energies for S-O of sulfoxide and metallic sulfides are 2-7 eV lower than the corresponding sulfone binding energies. Therefore, the higher binding energies observed are presumably ascribed to the formation of Os-sulfone complex (Scheme 2, intermediate 3) on the surface, which is indeed confirmed by TGA-DTA-MS. The m/z values 79, 77 and 64 amu observed are assigned to radical cations of CH3SO2, C6H5, SO2 fragments from the Os-sulfone intermediate (Scheme 2, intermediate 3). The XPS of the LDH-OsO4® which does not show any direct Os-S bond, indicates that the possible reaction path via complex 2 by 2+1 cycloaddition is ruled out. Thus XPS, TGA-DTA-MS and kinetic  studies unambiguously establish the concerted 3+1 cycloaddition via the delivery of two oxygens simultaneously as detailed in the Scheme 2, similar to the 3+2 cycloaddition for asymmetric dihydroxylation and heterogeneity of the reaction. 

Scheme 2  Plausible mechanism for the exchanger-OsO4 catalyzed oxidation of sulfides using molecular oxygen as stoichiometric oxidant. 

Notable features of the present reaction are:

	The examination of transient surface intermediate species, prepared on interaction of LDH-OsO4 with the sulfides, by using XPS, TGA-DTA-MS and kinetic studies provide an evidence for the simultaneous delivery of two oxygen atoms via a 3+1 cycloaddition. The major advantage of our process is the use of molecular oxygen as an oxidant.
	The effective oxidation of sulfides directly to sulfones without sulfoxide contamination in excellent yields at a faster rate for the first time.
	The catalyst is easy to handle and is reusable for several cycles with consistent activity.
	Easy separation of catalyst by simple filtration.

CHAPTER III. APPLICATIONS OF HT-OtBu FOR C-C BOND FORMATION REACTIONS  
This chapter further divided into two sections.
Section A:   An efficient synthesis of chalcones by a solid base catalyst.
Section B:   Michael Addition of Indole with ,-Unsaturated Ketones catalyzed by HT-OtBu.

SECTION A :  AN EFFICIENT SYNTHESIS OF CHALCONES BY A SOLID BASE CATALYST
	Chalcones constitute an important group of natural products and some of them possess anti-cancer, antimalarial, antimicrobial and anti-inflammatory activities. Chalcones also serve as precursors for the synthesis of different classes of flavonoids.  Chalcones are commonly synthesized via the Claisen-Schmidt condensation between acetophenone and benzaldehyde. This reaction is catalyzed by acids and bases under homogeneous conditions.     
	We designed and developed the Mg-Al-OtBu hydrotalcite (HT-OtBu), a solid base by an exchange of nitrate anion of HT with KOtBu in our laboratory that displayed manifold activity in various organic transformations. Herein, we wish to report an efficient synthesis of simple and substituted chalcones by using HT-OtBu catalyst (Scheme 3).

High lights of the present catalytic system:
This catalyst will be a practical alternative to soluble bases for Claisen-Schmidt condensation reaction in view of the following advantages
	High catalytic activity.
	Easy separation of the catalyst by simple filtration.
	The catalyst is easy to handle and reusable for several cycles without loss of activity.
	The present method is simple, rapid and clean over the existing procedures.

SECTION B :  MICHAEL ADDITION OF INDOLE WITH ,-UNSATURATED KETONES CATALYZED BY HT-OtBu
The Michael reaction is one of the most efficient methods for carbon-carbon bond formation.  The usefulness of the Michael reaction in organic synthesis is spelled out from the fact that almost any activated alkene, such as ,-unsaturated ketones, esters, aldehydes, amides, acids, lactones, nitriles, sulfoxides, sulfones, nitro compounds, phosphonates, phosphoranes, quinones, coumarins, vinyl pyridines etc. could serve as an acceptor. 
Herein we present the Michael addition of substituted indoles with substituted ,-unsaturated ketones to 3-(3-oxoalkyl) indole derivatives using tert-butoxide exchanged Mg-Al hydrotalcite catalyst in quantitative yields in liquid phase under reflux reaction conditions (Scheme 4). Products of undesirable side reactions are not observed.  The work-up procedure is by simple by filtration with the use of solid base.
	
Taking the Michael addition between indole and chalcone as a model reaction, we have compared the activity of HT-OtBu catalyst with different hydrotalcite catalysts, such as Mg-Al-F, rehydrated Mg-Al-NO3, Mg-Al-NO3 (uncalcined) and Mg-Al-CO3 under similar reaction conditions. With HT-OtBu, reaction proceeded at faster rate with good yields, where as with Mg-Al-F there was only 15 % conversion, and there was no reaction with Mg-Al-NO3 (rehydrated or  uncalcined) and Mg-Al-CO3 catalysts for 12 hours.  Thus HT-OtBu proved to be an active catalyst for the reaction. All the catalysts are synthesized in our laboratory and well characterized by various instrumental techniques such as powder-XRD, TGA-DTA and FT-IR spectroscopy.  
In an effort to understand the scope of the reaction, a variety of substituted chalcones and substituted indoles to produce the corresponding 3-(3-oxoalkyl)indoles are subjected for the Michael reaction with HT-OtBu catalyst (Scheme 4). By-products such as N-alkylation products are not observed in our reaction conditions. The treatment of indole with chalcone in the presence of catalyst gave 88 % of Michael adduct. Similarly various electron withdrawing and electron donating functional groups on both the substituents gave good yields. Furthermore the HT-OtBu catalyst was used for four cycles. 
Notable features of the present system include
	Easy separation of the catalyst by simple filtration.
	No side reactions are observed.
	Use of non-toxic and inexpensive materials.
	Recycling of the catalyst and zero emission of pollutants.

CHAPTER IV.  Cu-Al AND Ni-Al LDHs FOR ARYLATION AND HENRY REACTIONS
This chapter is divided into two sections.
Section A:  N-Arylation of imides with arylboronic acids using Cu-Al layered double hydroxides.
Section B:  Ni-Al LDHs: A new reusable catalyst for Henry reaction.

SECTION A :  N-ARYLATION OF IMIDES WITH ARYLBORONIC ACIDS USING  Cu-Al LAYERED DOUBLE HYDROXIDES
The N-arylation of  NH–containing substrates is important in organic synthesis since the resultant products arylamines and N-arylheterocycles are ubiquitous compounds in pharmaceuticals, crop protection chemicals and material sciences. The coupling of imides with various arylboronic acids was performed using Cu-Al LDH by bubbling of air in refluxing methanol without employing any base or ligand to afford N-arylated products in very good yields (Scheme 5). Cu-Al LDH is used for four cycles successfully with minimal loss of activity. 
Achievements:
Cu-Al layered double hydroxides has shown excellent efficiency for the arylation of imides as reflected by its catalytic activity for several cycles. 

SECTION B: Ni-Al LDHs : A NEW REUSABLE CATALYST FOR HENRY REACTION
The versatile Henry reaction have numerous applications in the elegant synthesis of fine chemicals and are classically catalyzed by bases or suitable combinations of amines and carboxylic or Lewis acids under homogeneous conditions.  The design and development of environment-friendly solid base catalysts to replace soluble bases for C-C bond formation in organic transformations widely employed in bulk and fine chemical industries in order to achieve atomic selectivity of the desired product and reduce the salts formed as a result of neutralization of soluble bases is of intense research activity. The classical method for this transformation involving the use of bases such as alkali metal hydroxides and also organic bases such as primary, secondary and tertiary amines predominantly yields dehydrated products.  Thus careful control of the basicity of the reaction medium is crucial to achieve β-nitroalkanols exclusively. Such efforts require longer reaction times with moderate yields.
Ni-Al LDH is an efficient and environmentally attractive solid base catalyst for the selective synthesis of β-nitroalkanols by Henry reaction of the activated nitro alkane with different aldehydes (Scheme 6).  The main advantages with this catalytic system are simple work-up procedure, reusability with quantitative yields.  







This solid catalyst has the following advantages:
	High catalytic activity under very mild liquid phase conditions.
	Easy separation of the catalyst by simple filtration.
	Formation of no side products.
	Use of non-toxic and inexpensive catalysts.
	Reusability.
	Zero emission of pollutants.
	Environment-friendly.



CHAPTER V.  Layered Double Hydroxides Supported Gold 
Catalyst for the Three-Component Coupling of Aldehyde, Amine and Alkyne
Multicomponent coupling reactions in one pot is an attractive strategy in organic synthesis. Three-component coupling of aldehyde, alkyne and amine (A3 coupling) is one of the best examples of such type and received much attention in recent times. The resultant propargylamines obtained by A3 coupling reaction are important synthetic intermediates for potential therapeutic agents and polyfunctional amino derivatives. Generally A3 coupling reaction is catalyzed by several transition metal catalysts via C-H activation and silver salts, gold salts, copper salts, Ir complexes and Cu/Ru bimetallic system under homogeneous conditions have been used for this reaction.
A three-component coupling of aldehyde, alkyne and amine to generate propargylamines in nearly quantitative yields using layered double hydroxides supported gold (LDH-AuCl4) catalyst is described (Scheme 7). Both aromatic and aliphatic aldehydes and amines are used for the reaction. No additional co-catalyst or activator is required. 

Significant achievements:
A new solid base catalyst, HT-AuCl4 was developed by exchanging AuCl4 anion onto the brucite layer of hydrotalcite for the coupling reaction of aldehyde, amine and terminal alkynes to produce propargylamines with good yields.  This new solid base catalyst has the following advantages:
	High catalytic activity.
	Easy separation of the catalyst by simple filtration.
	Zero emission of pollutants.
	Environment-friendly. 
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